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1. Structural characterization of poly(PDl)s
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Fig. S1 Solid state 3C NMR spectrum of U-PDI.
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Fig. S3 Solid state 3C NMR spectrum of MA-PDI.
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Fig. S4 SEM image of the U-PDI (a), OA-PDI (b), MA-PDI (c) and BU-PDI (d).
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Fig. S5 Full range IR spectra of poly(perylene diimides).

Table S1.  Full width at half maximum (FWHM) of U-PDI, OA-PDI, MA-PDI and BU-PDI

Sample U-PDI OA-PDI MA-PDI BU-DPI

FWHM 0.49 0.48 0.60 0.45
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2. The oxygen origin determination by 20 isotope
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Fig. S6 The oxygen origin determination by *°O isotope.
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3. Effect of metal oxide cocatalyst on oxygen production
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Fig. S7 The comparison of photocatalytic O, evolution rate over BU-PDI with different co-

catalysts.
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4. Stability test for Photocatalytic oxygen production
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Fig. S8 Cycling runs in the photocatalytic oxygen evolution of BU-PDI.
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Fig. S9 XRD spectrum of BU-PDI before and after photocatalysis experiment.
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5. Charge transfer kinetics research
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Fig. S10 PL spectra of U-PDI, OA-PDI, MA-PDI and BU-PDI.

Table S2. Simulation of electrochemical impedance spectra (EIS).
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Sample MA-PDI U-PDI OA-PDI BU-PDI
Ra/Q 9.71 9.97 15.89 15.06
Cqo/F 1.18x10° 8.45x10° 5.30x10°® 7.69x10%
Ret/kQ 8.09 7.65 6.30 3.29
Z./Q 9.00x107° 8.19x10° 9.60x10° 9.00x10°
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6. Surface charge density and Open circuit potential measurement
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Fig. S11 The surface charge density of U-PDI, OA-PDI, MA-PDI and BU-PDI.

Table S3. Open circuit potential of U-PDI, OA-PDI, MA-PDI and BU-PDI

Sample U-PDI OA-PDI MA-PDI BU-DPI

Open circuit potential (vs. NHE) 0.468 0.434 0.425 0.508
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7. Structure characterization and performance of EA-PDI

The synthesis of EA-PDI is according to literature reported before.! The structure of
EA-PDI is characterized by FT-IR and solid-state 3C NMR spectroscopy. In 3C NMR
spectroscopy, the peaks for carbonyl group (161.92 ppm) and conjugated carbon
(133.83 and 121.77 ppm) on the PDI ring can be observed. Besides, the peak of the
ethyl group can be observed at 55.23 ppm of the high field, which indicated the
formation of ethylenediamine-PDI polymers. Besides, unpolymerized PTCDA shows
two broad IR vibrational bands at 1739 cm™ and 1768 cm™ for v(C=0) of anhydride,
whereas EA-PDI exhibited two distinct peaks at around 1665 cm™and 1691
cm™, which are associated with the vibrations of the carbonyl (C=0) stretching in the
imide groups. Besides, as shown in Fig. S10c, due to the flexibility of the C-C single
bond of ethylenediamine, crystallinity of EA-PDI is very poor.
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Fig. S12 Solid-state °C NMR of EA-PDI (a), FTIR spectra (b) Comparison of XRD patterns (c)
and oxygen production performance (d) between EA-PDI and BU-PDI.
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8. Recycle tests for degradation of tetracycline
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Fig. S13 Recyclability test of BU-PDI.
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9. Electron spin resonance (ESR) spectra
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Fig. S14 ESR spectra of BU-PDI.
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10. Details of calculation of built-in electric field magnitude

According to the literature, the built-in electric field magnitude can be measured
according to the formula reported by Kanata et al.”'8
Fs = (-2Vsp/ego) /2

Where Fs is the internal electric field magnitude, Vs is the surface potential, p is
the surface charge density, € is the low-frequency dielectric constant, and & is the
vacuum dielectric constant. The above equation suggests that the in electric field
magnitude is mainly determined by the surface voltage and the surface charge density
since € and &g are two constants.

Surface voltage can be characterized by open circuit potential,> surface
photovoltage intensity® and Atomic Force Microscope with a Kelvin Probe model.?
Surface charge density can be measured by Zeta potential’® and integrating the
measured transient photocurrent density minus the steady-state values of
photocurrent with respect to time.?

In this paper, the value of the surface voltage is determined by open circuit
potential and surface charge density is calculated by integrating the measured
transient photocurrent density minus the steady-state values of photocurrent with
respect to time. If we normalize the value of IEF of MA-PDI as 1.0, then the relative

values for U-PDI, OA-PDI and BU-PDI are 1.30, 1.40 and 1.81, respectively.
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Fig. S15 Characterization of built-in electric field of U-PDI, OA-PDI, MA-PDI and BU-PDI.
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11. Possible degradation pathway for tetracycline transformation
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Fig. S16. Proposed degradation pathway for tetracycline transformation.
Table S4. Potential intermediates in the TC photocatalytic
TPs Retention time m/z Potential structure
(min)
Tetracycline
4.63 44516
(TC)
P1 4.45 461.15
P2 5.72 477.15
P3 452 459.14
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